Cdk5 is an atypical cyclin-dependent kinase that is well characterized for its role in the central nervous system rather than in the cell cycle. However Cdk5 has been recently implicated in the development and progression of a variety of cancers including breast, lung, colon, pancreatic, melanoma, thyroid and brain tumors. This broad pro-tumorigenic role makes Cdk5 a promising drug target for the development of new cancer therapies. Here we review the contribution of Cdk5 to molecular mechanisms that confer upon tumors the ability to grow, proliferate and disseminate to secondary organs, as well as resistance to chemotherapies. We subsequently discuss existing and new strategies for targeting Cdk5 and its downstream mechanisms as anti-cancer treatments.
• Genetically modified animal models of cancer may be generated by deregulating Cdk5 via overexpression of its activator, p25, in cancer cells. Such models may be clinically relevant and exhibit tumors that grow within a physiological microenvironment in an animal with an intact immune system. specificity compared to Cdk5/p35 or Cdk5/p39. Cdk5/p35 is often docked to cell membranes due to a myristoylation in the p35 N-terminal region. Loss of this domain as a result of cleavage renders Cdk5/p25 more soluble, able to access cytoplasmic and nuclear substrates that are not in cellular membranes proximity [67] (Figure 1 , Key Figure) . Cdk5/p25 and Cdk5/p35 have been linked to tumorigenesis, however Cdk5/p25 seems to be a more toxic form linked to neurodegenerative diseases and paradoxally, pro cell cycle [22] . Regulation of calpain-mediated p35-to-p25 cleavage in cancer cells has not been studied. It can be speculated that environmental stresses cause changes in calcium concentration that activates the calpain protease activity. P35 also undergoes post-translational modifications in addition to proteolytic cleavage, including autophosphorylation, which may impact regulatory mechanisms [67] . The cytoskeleton protein, nestin, regulates the turnover of p35 into p25 in myoblasts [68] . A similar mechanism might occur in cancer cells. Getting a better insight of the mechanisms underlying the p35-to-p25 cleavage may offer new targets for Cdk5-driven cancer treatments.
Human cancers express Cdk5
Expanding evidence at the gene, mRNA and protein levels supports a role for Cdk5 in human cancers (Table 1) and its expression and activity as biomarkers for the prediction of cancer severity. First, genetic variations such as the amplification of the Cdk5 gene [4] or p35/p39 genes [5, 6] as well as single-nucleotide polymorphism (SNP) in the Cdk5 gene promoter region [7] occur in several cancer populations. These are, for example, associated with higher lung cancer risks in the Korean population [4, 7] and with aggressive forms of prostate cancers in African-Americans [8] . Second, mRNA and protein expression levels of Cdk5 and its activators are increased, or decreased, in several forms of cancer and these alterations are correlated with cancer severity (Figure 1a , Key Figure; Table 1 ). For example, Cdk5 and p35/p25 are elevated in pulmonary neuroendocrine cancers [9] [10] [11] , in sporadic and familial forms of medullary thyroid carcinoma (MTC) [12] and pituitary adenoma [13] . In fact Cdk5 and p35/p25 expression appear to typify neuroendocrine cancer pathology. In tissues from non-small cell lung cancer (NSCLC), breast, brain and nasopharyngeal cancer patients, increased Cdk5 and/or activator expression parallels advanced cancer stages, occurrence of lymph node metastasis, and overall poor 5-year survival, while low Cdk5 levels correlates with metastatic-free disease [14] [15] [16] [17] [18] [19] . Somewhat remarkably abnormal low Cdk5 or activator tumor levels are also indicative of poor prognosis as in advanced gastric cancer [20] or hepatocellular carcinoma (HCC) [21] . More studies are needed to understand the molecular mechanisms by which Cdk5 and activators contribute to these cancers. Below, we discuss what is currently known about Cdk5 role in oncogenic pathways.
Molecular links between Cdk5 and the cell cycle
Historically, Cdk5 has not been considered as a potential cell cycle regulator because it is predominantly expressed in non-dividing, post-mitotic neurons [3] . However it has been noted that Cdk5 facilitates amyloid β protein-induced cell cycle re-entry in neurons of mouse models of Alzheimer's disease [22] and directly modulates the function of tumor suppressors and transcription factors (Figure 2a ; Table 2 ). This raises the possibility that evolution of CNS function occurred through adaption of cell cycle mechanisms. Thus Cdk5 may contribute to neurodegeneration and oncogenesis through overlapping or common pathways and especially those related to the cell cycle and cell proliferation (Figure 1c , Key Figure) .
Cdk5 and the Rb/E2F pathway
Cdk5 modulates the retinoblastoma protein (Rb)/E2F pathway by phosphorylating Rb [23] , thereby promoting cancer cell proliferation as in MTC [12] . Rb controls the transition from the G0/G1 to S-phase and thus the initiation of the cell cycle by sequestering the transcription factor E2F [22] (Figure 2a ). It is well accepted that upon Rb phosphorylation by Cdk4-6/cyclin D, E2F is released and activates the transcription of genes required for cell cycle progression. In MTC, phosphorylation of Rb by Cdk5 results in E2F target genes expression, including Cdk2, p15 INK4b and p21 CIP/WAF1 with cancer proliferation ensuing [12] . All these events are prevented by Cdk5 inhibition, supporting a key role for Cdk5 activity in MTC via Rb dysregulation. These provocative findings also raise the intriguing possibility that Cdk5 is capable of replacing Cdk4/6 in certain cancer types, providing a molecular basis for why some cancers are resistant to Cdk4/6 inhibitors. Whether Cdk5 regulates the function of Rb-like proteins, p107 and p130, which are also E2F-binding tumor suppressors, in Rb-negative tumors remains to be determined. Moreover, it would be interesting to find out if Cdk5 can modulate cell cycle progression by associating with E2F in a p35-dependent manner thereby interfering its function as observed in neurons [22] . Finally, understanding the cell cycle progression effects of Cdk5 phosphorylation of E2F targets genes, p19 INK4d and the Cdc25 family of dual-specific phosphatases, Cdc25A-C on [24, 25] would yield more insights into the role of Cdk5 in the cell cycle and tumorigenesis.
Cdk5 and STAT3
Besides Rb/E2F, Cdk5 has been associated with the dysregulation of signal transducer and activator of transcription 3 (STAT3) in cancer cells. This transcription factor integrates a variety of signaling pathways and controls the expression of cell cycle genes such as cyclin D1 and c-Fos [26] (Figure 2a ). In normal cells, STAT3 becomes activated following cell stimulation by a cytokine or growth factor, while in cancer cells STAT3 is often deregulated. Cdk5 interacts with and phosphorylates STAT3 at Ser-727, which is necessary for MTC and prostate cancer cells proliferation [27, 28] . STAT3-target genes are indeed induced upon Cdk5 activation. Importantly, prostate cancer cells and prostate cancer patient tumors express Cdk5, p35 and phosphorylated Ser-727 STAT3 [28, 29] . It would be interesting to define the determinants for Cdk5-dependent phosphorylation of Rb versus STAT3.
Cdk5 and the Androgen Receptor
In prostate cancer, Cdk5 can also phosphorylate the transcription factor, androgen receptor (AR) (Figure 2a ). Cdk5 interacts with AR and phosphorylates it at Ser-308, thereby stabilizing the receptor and enabling transcription of AR-induced genes in early stage prostate cancer cells [30] . AR phosphorylation at Ser-81 by Cdk5 also promotes the growth of prostate cancer cells and prostate tumor xenografts [28] . AR may also be stabilized by interacting with a Cdk5-phosphorylated form of STAT3, i.e. Ser-727 STAT3 in prostate cancer cells, thus providing a mechanism linking Cdk5-STAT3-AR in prostate cancer tumorigenesis [28] . Interestingly, AR gene expression in hormone therapy-resistant prostate cancers is driven by the Rb/E2F pathway upon Rb genetic inactivation. It would be interesting to determine if Cdk5 plays a role in the signaling mechanisms underlying advanced forms of prostate cancers by regulating AR or E2F function.
Overall, Cdk5 appears to modulate the function of cell cycle proteins, including tumor suppressors and transcription factors, thereby regulating cancer cell proliferation. Interestingly Cdk5 has previously been proposed as a cell cycle suppressor in neurons [22] . Indeed, in gastric cancer cells, Cdk5 accumulation in the nucleus has an anti-tumor effect, while decrease in nuclear Cdk5 correlates with cancer progression [20] . We speculate that for some malignancies, Cdk5 may have a protective effect and act as a cell suppressor as found in neurons, while in others, dysregulated Cdk5 promotes tumorigenesis.
Cdk5 in DNA repair and drug resistance
Increasing evidence indicates that Cdk5 contributes to the initiation of the DNA damage response (DDR) and DNA repair. Upon exposure to environmental stressors such as UV, genotoxic agents or radiation, these mechanisms are activated and ensure maintenance of genome integrity during cell division by preventing the transmission of damaged DNA. Deregulation of the DDR and DNA repair have been associated with tumorigenesis and resistance to conventional DNA-damaging agent-based cancer treatments, such as chemoand radiation-therapies [31] . As discussed below, Cdk5 role in the DDR and DNA repair is leading to the exciting hypothesis that Cdk5 inhibition may be a valid strategy to bypass chemo-and radiation-therapy resistance.
DNA damaging agents induce Cdk5
Cdk5 is activated in cancer cells or tissues exposed to conventional DNA-damaging therapies including ionizing radiations (IR) or genotoxic agents, such as topoisomerase inhibitors and DNA cross-linkers [16, [32] [33] [34] [35] (Figure 2b ). Upregulation of p35 expression, via the Egr1 promoter, and formation of p25 may underlie increases in Cdk5 activity in IRexposed glioblastoma (GBM) and genotoxic agent-treated neuroblastoma [17, 36, 37] . IR/ genotoxic agent-induce Cdk5 activation likely contributes to DNA repair as DNA double strand breaks (DSBs) are more abundant following pharmacological inhibition of Cdk5 or si/ shRNA-mediated knock-out of Cdk5 in cancer cells exposed to DNA-damaging agents [33] [34] [35] .
Cdk5 and the regulation of the DDR and DNA repair
Cdk5 is known to activate cell cycle checkpoints, which is a pre-requisite to DNA repair (Figure 1c, Figure 2b ). First, Cdk5 phosphorylates the checkpoint-activating kinase Ataxiatelangiectasia mutated (ATM) at Ser-794 to switch on its kinase activity [34, 35, 37] in some cancer cells. Consistent with these findings, Cdk5 activity blockade in HCC cell lines prevents ATM phosphorylation and the initiation of the downstream DDR signaling cascade, while the formation of DSBs is increased [34] . Second, Cdk5 phosphorylates and activates replication protein A (RPA)-32, which is a necessary step for the induction of the intra-S Pozo phase checkpoint and DNA repair [16] . Finally, Cdk5 transduces the signals necessary for the expression of DNA repair molecules. For example, expression of the DNA repair endonuclease, Eme1, in genotoxic agent-treated colorectal cancer cell lines is dependent on the activation of STAT-3 by Cdk5 [33, 38] . It will be useful to determine if Cdk5's role in the initiation and transduction of the DDR is dependent on the cancer type, the type of DNA-damaging method, or on the severity of the DNA damage, as this might influence potential treatment strategies.
Cdk5 and clinical implications of resistance to DNA damaging therapies
Cdk5 function in the DDR and DNA repair may be linked to resistance to DNA-damaging anti-cancer therapies. Cdk5 has indeed been implicated in resistance to PARP inhibitors [16, 32, 34, 39] , topoisomerase inhibitors and DNA crosslinkers. In line with these observations, treatment of the NSCLC cell line, A549, the proliferation of which is driven by Cdk5 [11] , with the Cdk5 inhibitor, roscovitine, enhanced its sensitivity to IR [40] . In all cases, Cdk5 inhibition or Cdk5 knock-down restored chemotherapeutics sensitivity. Likewise, the antitumor response to the chemotherapeutic in a xenograft mouse model of HCC was improved when roscovitine was co-administered [34] . These observations all suggest that effective Cdk5 inhibitors could be administered in combination with DNA-damaging agents to improve conventional anti-cancer treatments.
Cdk5 and cancer dissemination
During tumorigenesis, malignant cells can acquire phenotypic features enabling them to leave the primary tumor and transit via the blood and lymphatic circulation to secondary sites, in which they will grow into macrometastases [1] . In addition to tumor proliferation, Cdk5 is involved in the signaling pathways that underlie cancer cell migration to metastatic sites. Cdk5 has been linked to different components of the cancer dissemination process (Figure 2c ).
Cdk5 and "migration-proliferation dichotomy"
Cdk5 contributes to the early events that decide whether tumor cells will continue growing or migrate towards secondary tumor sites for metastatic invasion [41] . When breast cancer cells are stimulated with EGF, Cdk5 becomes activated and phosphorylates the Gαinteracting vesicle associated protein, Girdin, which in turn activates traditional downstream G-coupled receptor-dependent signaling mechanisms that promote cell migration. Thus Cdk5 activity may be key in determining whether cells maintain a strictly proliferative versus invasive agenda.
Cdk5 and epithelial-to-mesenchymal transition
Acquisition of the invasive phenotype requires cancer cells to change their cell-cell adhesion properties and acquire a motility phenotype, a process called epithelial-to-mesenchymal transition EMT ( Figure 3 ). In breast cancer, Cdk5 is essential for initiation of metastatic invasion upon stimulation with transforming growth factor β1 (TGFβ1) [15] . Depleting Cdk5 is sufficient to abolish TGFβ1-induced EMT. Interestingly, expression of Cdk5 and p35 in breast cancer cells is enhanced upon TGFβ1 stimulation. It will be useful to determine how TGFβ1 regulates the transcription of Cdk5 and p35.
Cdk5 and cancer cell migration
Cdk5 activity drives the migration and metastatic invasion of some forms of lung [42] , prostate [29, 43] , pancreas [6, 44] , melanoma [45] , pituitary [13] and thyroid [27] cancers. The migration of these cancer cells in culture or in vivo is stopped upon Cdk5 inhibition ( Figure 2c ). Mechanistically, Cdk5 activity is dependent on p35 expression, which is controlled by the transcription factor, human achaete-scute homolog 1 (hASH1) in migrating neuroendocrine lung cancer cells [42] .
In pancreatic cancer, Cdk5 is downstream of K-Ras [6, 44] . In fact, K-Ras promotes the generation of p25 and activation of Cdk5, which subsequently turns on the Ral pathway and causes changes in cell morphology favoring cell migration. PDAC cells exhibit shorter processes and become flat upon Cdk5 inhibition downstream of Ras [6] . In fact Cdk5 activity is associated with the invasive cellular phenotype, including the remodeling of the actin-cytoskeleton, the formation of invadopodia and the regulation of focal adhesions, which are protein complexes involved in cell-extracellular matrix adhesions and motility (Box 2). Whether Cdk5 involvement in cancer cell migration is dependent on cancer context or is common to all cancer types remains to be elucidated.
Box 2

Cdk5 role in cytoskeleton regulation and paclitaxel resistance
Cdk5 is implicated in the acquisition of the invasive phenotype via regulation of actin and microtubule cytoskeleton as well as focal adhesions, which underlie the formation of invadopodia for cell motility ( Table 2 ). Cdk5 regulates the formation of F-actin bundles in breast cancer cells [15] . Furthermore, Cdk5 modifies actin dynamics regulators such as caldesmon, an actin-and calmodulin-binding protein that participates in the migration and metastatic invasion of melanoma and breast cancer cells [45] . Cdk5 has long been implicated in the regulation of microtubule complexes that are essential for cell motility. For example, the microtubule-associated proteins, Tau, [69, 70] and Collapsin Response Mediator Protein-2 (CRMP-2) [71] , which promote microtubule assembly, as well as the microtubule-disassembly protein, Stathmin [72, 73] , are well-characterized Cdk5 substrates implicated in cancer progression. Finally Cdk5 contributes to the formation and stabilization of focal adhesions, which serve as anchor for the migration process, by phosphorylating talin and focal adhesion kinase (FAK) in migrating cells [6, 15, 74] . Cdk5's role in cytoskeleton remodeling may underlie resistance mechanisms to paclitaxel, a common chemotherapy agent that acts by preventing microtubule depolymerization and thus mitosis. Paclitaxel resistance is common and is associated with an invasive phenotype, which can be prevented by blocking Cdk5 activity [75] .
Consistently the sensitivity of ovary cancer cells to paclitaxel is enhanced upon Cdk5 depletion [76] . Remarkably this drug induces Cdk5 expression, thereby promoting cell migration [61] . Thus, combinatorial treatments with a Cdk5 inhibitor and paclitaxel may prevent paclitaxel resistance [61] . Interestingly, Tau, was identified as a potential predictive biomarker of the response of breast and gastric cancer patients to paclitaxel [70, 77] with Tau-negative patients likely to have a better response to the drug.
An unexpected role for Cdk5 in tumor angiogenesis
One of the least suspected functions for Cdk5 is its critical contribution to angiogenesis. This process by which blood vessels form from pre-existing ones to ensure the delivery of oxygen and nutrients to growing tumors, allows removal of metabolic wastes and, together with lymphatic vessels, provide an escape route for cancer cells migration to metastatic sites. Evidence is rapidly implicating Cdk5 as a master regulator of angiogenesis at least in some cancers [46] . In addition to tumor cells, Cdk5 is expressed in endothelial cells lining of blood vessels that are usually quiescent [47] and regulates their proliferative and migratory properties [48, 49] (Figure 2c ).
Cdk5 and endothelial cell survival
Cdk5 is critical for endothelial cell proliferation and disruption of Cdk5 expression causes apoptosis. Cdk5 protein levels are elevated in proliferating cultured bovine aortic endothelial cells while Cdk5 expression is lower in quiescent cells [47] . Consistently overexpression of Cdk5 (and Cdk2) triggers cell proliferation and angiogenesis whereas Cdk5/2 inhibition with roscovitine arrests both processes and leads to apoptosis [47, 50] .
Cdk5 and endothelial cell migration
Cdk5 also contributes to endothelial cell migration [48, 49] . Cdk5 regulates lamellipodia formation and thus endothelial cell migration by remodeling the actin cytoskeleton via regulation of the monomeric GTPase, Rac1 [48, 51] . In melanoma xenograft mouse models, Cdk5 inhibition prevents formation of functional blood vessels and consequently tumor growth [49] .
Cdk5 and angiogenic molecules
Several lines of evidence suggest there is an intricate relationship between Cdk5 and angiogenic molecules. First, Cdk5 expression in endothelial cell is induced by proproliferative, angiogenic factors, including basic fibroblast growth factor (bFGF), that are secreted by tumor cells [50] , while angiogenesis inhibitors such as angiostatin prevent Cdk5 expression and cause apoptosis [47] . Second, Cdk5 regulates the expression and activity of the transcription factor, hypoxia-inducible factor 1α (HIF1α) both in HCC tumor and endothelial cells (Figure 2c, d) . Thus Cdk5 exerts direct control over expression of the HIF1α target gene, vascular endothelial growth factor (VEGF)-A and VEGF receptor 1, which are essential for the formation of new blood vessels in tumors [46] . Interestingly, Cdk5 can also act at the tumor cell level, inducing secretion of pro-angiogenic molecules. It will be critical in the future to determine if a regulatory loop between tumor and endothelial cells exists to control angiogenesis and how Cdk5 fits into it. Pozo 
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Cdk5 as an anti-angiogenic drug target
The apparent role of Cdk5 in endothelial cell physiology and tumor angiogenesis suggests it as a target for anti-angiogenic treatment. New anti-Cdk5 drugs are being developed for this purpose [51] . Furthermore other potential downstream targets of Cdk5 with funtion in angiogenesis, such as HIF1α and Notch, are being identified [46, 49] . With the recent discovery that Cdk5 is involved in the development of lymphatic vessels [52] , it is becoming clear that Cdk5 plays a more important role than suspected in the tumor vasculature and in supporting tumor development and spread.
Current strategies for Cdk5 targeting
From pan-Cdk inhibitors to pathway-specific blocking peptides, the repertoire of Cdk5targeting drugs is increasing [2, 53] (Figure 1d-1f, Key Figure) . While currently available compounds and agents have limitations, there is now renewed interest in the therapeutic targeting of Cdk5 or its pathogenic effectors.
Small molecules inhibitors
Inhibition of kinase activity using pan-Cdk small molecules inhibitors is the most common strategy currently on hand to target Cdk5 in preclinical studies. For some of these drugs, clinical trials have been conducted with mixed results [2] . Roscovitine is widely used to inhibit Cdk5 in cell lines and mouse models. This purine analog competes for ATP-binding to Cdk5, but also inhibits Cdk1, 2, 9, 7 [54] . Roscovitine has no effects on Cdk4/6, rendering it useful to study Cdk5 effects on Rb and the cell cycle. Although roscovitine exhibits anticancer properties preclinically, clinical trials have been inconclusive to date [2] . In contrast dinaciclib, which has improved potency for Cdk5 and Cdk1, 2, 9, exhibits anti-proliferative effects on hematological cancers during clinical trials [2, 53] . Thus targeting Cdk5 along with Cdk1, 2, 9 may be a valid anti-cancer strategy. Other small molecule inhibitors CP681301 [55] , indolinone A [56] and PJB [45] exhibit increased selectivity for Cdk5 and Cdk2 over other Cdks and anti-cancer activity in cell lines [12, 45] , but in vivo preclinical studies remain to be conducted. Thus more inhibitors are available to target Cdk5 more specifically.
A peptide for the disruption of Cdk5/activator binding
A peptide derived from p35/p25 that selectively blocks Cdk5/p25 interactions has been used to rescue the Cdk5/p25-induced pathological phenotypes [53] (Figure 1e, Key Figure) . However the anti-cancer effect of this peptide remains to be determined. A peptide that disrupts Cdk5/p35 binding would be a useful tool to target Cdk5 in tumor cells or animal models because both holoenzymes, Cdk5/p35 and Cdk5/p25, appear to be tumorigenic.
Small interfering peptides: targeting Cdk5/substrate interactions
An alternative approach for preventing Cdk5-induced pathogenesis consists in using short peptides to selectively block Cdk5-dependent phosphorylation of aberrant substrate within a given pathogenic pathway (Figure 1e, Key Figure) . These ~20 amino-acid peptides, designed based on the Cdk5 phosphorylation site on the substrate, were successful in selectively preventing Cdk5 phosphorylation of Rb, NR2B and PDE4 to impair molecular processes leading respectively to cancer progression, loss of cognition or depression [12, 57, 58] . Using pathway-specific peptides has the advantage of limiting side-effects due to mechanistic specificity, although size and stability issues are of concern. Rigorous preclinical studies will be necessary to confirm the possibility of using these peptides or peptide-like molecules as anti-cancer treatments.
Drug combinations
Combining Cdk5 inhibitors with other drugs is appearing as an attractive strategy for improving existing therapies. Co-treatment of roscovitine and irrinotecan arrests HCC growth in mouse models [34] . Combining Cdk5 inhibition with the antiviral agent, tilorone, selectively inhibited growth, proliferation and invasive phenotype of prostate cancer cells [59] , while using the Cdk5 inhibitor AC1MMYR2 in combination with the chemotherapy agent, Paclitaxel may prevent resistance associated with the use of Paclitaxel [60, 61] .
Concluding Remarks
Cdk5 appears to play a central role in tumorigenic pathways and therefore may be a valid target for anti-cancer drugs. Yet, many challenges remain (see Outstanding Questions Box).
In particular current clinical trials with pan-Cdk inhibitors have not been entirely conclusive. Developing more potent Cdk5 inhibitors and targeting Cdk5 downstream pathways in addition to Cdk5 may be a more effective strategy to stop cancer progression and limit adverse events.
Outstanding Questions Box
• Cdk5 can exist as both p35/Cdk5 and p25/Cdk5 complexes in cancer tissues. These two holoenzymes have different enzymatic properties with p25/Cdk5 being apparently more pathogenic. How is p25 generated in cancer cells? What cues activate calpain cleavage of p35 into p25 in cancer cells? What is the contribution of nestin in the p35to-p25 turnover? Can the p35/Cdk5 over p25/Cdk5 ratio determine cancer prognosis? What are the exact roles of Cdk5/p35 and Cdk5/p25 in angiogenesis? How do they affect the secretion of pro-angiogenic growth factors by tumors and in which conditions?
• Cdk5 is involved in many tumorigenic processes in different type of cancers. Are all cancers somehow dependent on Cdk5 activity at one stage of their development?
• Given that Cdk5 is linked to resistance to DNA-damaging cancer drugs and paclitaxel, can Cdk5, p35, p25 or downstream signaling effectors be used as biomarkers to predict patient response to conventional cancer therapies and to stratify cancer patient population for personalized medicine treatments?
• New potent and specific targeted therapies are being developed to inhibit Cdk5 or its downstream effectors and display anti-tumor effects in cell culture and preclinical models. Will these compounds have anti- Generating animal models of different cancers will be crucial to pinpoint the neoplastic roles of Cdk5 and identify targets for the treatment of Cdk5-driven cancers as well as for preclinical testing new therapies. Conditional expression of p25 under the appropriate promoter appears as a valid strategy to develop clinically relevant Cdk5-driven cancers that recapitulate the human disease. In this new era of immunotherapy, using animals in which tumor grows in a physiological microenvironment and in the context of a functional immune system, may be crucial to obtain results that can be reproducible in patients.
Identifying the population of patients who could benefit from Cdk5-based treatments may also improve the outcomes of clinical trials. Defining a panel of biomarkers that includes Cdk5, activators and phosphorylation sites on pro-neoplastic effectors would allow stratification of the patient population, facilitating more precise treatments.
Knowledge gained in the field of neuroscience over the past 2-3 decades has given cancer researchers hints on the oncogenic functions of Cdk5 and have led to potential translational applications that may benefit cancer patients. For example, the links between Cdk5 and resistance to conventional therapies, i.e. DNA-damaging and microtubule-stabilizing agents, open new treatment opportunities. An important next challenge will be to determine in the clinic if combining Cdk5 inhibitors can improve tumor-resistant patient responses to conventional treatments, as observed in cell culture and preclinical models. Furthermore, the groundbreaking finding that Cdk5 regulates the expression of the immune checkpoint programmed cell death-ligand 1 (PD-L1) [62] may offer new applications for Cdk5-targeting drugs in the immunotherapy.
Recent efforts have focused on targeting Cdk4/6 [2] and have led to the development and FDA-approval of potent inhibitors for the treatment of some breast cancers. However resistance to these drugs are frequently observed. Based on the newly discovered role of Cdk5 in Rb regulation, the question is arising as whether Cdk5 acts as an alternate driver in Cdk4/6-resistant cancers, broadening the spectrum for treatment strategies while increasing the urgency for moving Cdk5 specific anticancer drugs into the clinical arsenal. In this upcoming era of personalized medicine, defining a set of biomarkers that differentiate Cdk5from Cdk4/6-driven cancers will be crucial to match cancer patients with the appropriate treatment. 
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